ABSTRACT The incidence ofcancer was investigated among 5266 Swedish chimney sweeps employed for any period between 1918 and 1980. An analysis of the mortality has been reported earlier and showed an increased number of deaths from coronary heart disease, respiratory diseases, and lung, oesophageal, and liver cancer. Excess risks for cancer of the lung and oesophagus were confirmed in this analysis. Among the lung cancers, both squamous cell carcinoma and oatcell/undifferentiated carcinoma were in excess. In addition, a more than doubled risk for bladder cancer (23 observed v 9 8 expected cases) and an increase of malignancies of the haematopoietic system was found. There were, however, no cases ofscrotal cancer, the classic occupational hazard among chimney sweeps. Chimney sweeps are exposed to polycyclic aromatic hydrocarbons generated by the combustion of organic material (coal, wood, coke, and oil). They are also exposed to cancerogenic metals (arsenic, nickel, and chromium). These results support the need for improved working conditions.
The working environment of chimney sweeps is contaminated with soot and smoke, generated by the buming of wood, coal, coke, or oil. The soot and smoke contain several carcinogenic compounds, such as polycyclic aromatic hydrocarbons (PAH), arsenic, chromium, and nickel. Furthermore, exposure to asbestos, sulphur dioxide, and organic solvents may occur.
It has been known since the eighteenth century that chimney sweeps may contract cancer of the scrotum2 and this was the first identified occupational cancer. An investigation of the cause specific mortality among Swedish chimney sweeps with a long history of employment showed an excess of cancers of the lung, oesophagus, and liver, and of leukaemia.3 Some of these excesses were supported in a study of Danish chimney sweeps which also showed an increased risk of ischaemic heart disease.45 An investigation of Yugoslavian chimney sweeps showed a high mortality from cancer of the lung and larynx.6 An extension of the Swedish study confirmed the earlier findings of increased cancer mortality and ischaemic heart disease. ' In the present study the incidence of cancer among Swedish chimney sweeps was investigated, focusing the interest primarily on less fatal forms of cancer that might not have been covered by the mortality analysis and on histological tumour types and on confirmation of the mortality results.
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Results
There was a significant excess of cancers of the lung, oesophagus, and bladder and the total incidence of cancer was also significantly raised (table 3) . There was a nearly significant increase of haematopoietic malignancies, relating both to leukaemia and multiple myeloma. The excess of lung cancers was caused by an excess of squamous cell and undifferentiated/small cell carcinomas. Two cases were registered as pleural mesotheliomas.
There were 23 cases of bladder cancer compared with 9-75 expected. Of these, 19 were histologically verified as urothelial cancer, two were cancer in situ, one was a leiomyosarcoma, and in one case information on histological type was missing. Table 4 gives the incidence ofcancer during different periods of follow up. The observed and expected numbers of total cancers correspond well during the first three decades of follow up but were increased during follow up more than 30 years from the beginning of exposure. The excess risk for cancer of the oesophagus, stomach, lung, and bladder depended Excess ofcancer in Swedish chimney sweeps 
Discussion
The main new result of this study is the finding of a highly increased incidence of bladder cancer among chimney sweeps. The carcinogenic properties of several of the PAH compounds that occur in soot and smoke are well documented, in experimental" and in epidemiological studies.'2 The epidemiological evidence for PAH as a bladder carcinogen is accumulating; risk excesses for this disease have been found among tobacco smokers,'3 aluminium smelter workers,'4 and gas production workers.'5 The current finding of an increased risk of bladder cancer among chimney sweeps adds further evidence for such an association.
Benzo(a)pyrene (B(a)P) has been extensively studied experimentally as a model substance for PAHs in general. B(a)P is readily absorbed through cellular membranes and is quickly distributed in the body after intratracheal instillation, inhalation, injection, or cutaneous application in experimental animals." For the chimney sweeps, the PAH probably enters the body through the respiratory system and then enters the circulatory system either through direct resorption in the bronchi, or is expectorated, swallowed, and absorbed through the gastric and intestinal mucosa. Experimental data indicate that both routes of uptake may be relevant." The excess of oesophageal cancer could be explained by a direct action of the PAH on the oesophageal mucosa during the passage to the stomach after swallowing. The main route for excretion of B(A)P and its metabolites is in the bile and faeces while 4-12% is excreted in the urine of experimental animals. '6 No cases of scrotal cancer were found and the incidence of skin cancer in general was lower than expected. This might seem surprising since PAH induces skin cancer in laboratory animals and this cancer is the classic occupational cancer hazard of chimney sweeps. The lack of excess risk for skin cancer might, however, result from the Swedish chimney sweeps' right to take a bath at the end of the working day, regulated in the contract of employment, and 780 other individual hygienic improvements.
Exposure to asbestos of a rather low and intermittent character occurs for chimney sweeps'7 and the two cases of mesothelioma might be attributable to this exposure.
The excesses of leukaemia and haematopoietic malignancies in general were of borderline statistical significance. There is no earlier epidemiological evidence for PAH as a leukaemogen but there is some experimental evidence; 7,12-dimethylbenz(a)anthracene and 7,8,1 2-trimethylbenz(a)anthracene induces leukaemia in rats.'8 The current findings indicate that PAH might be a risk factor for leukaemia in man but the association should be confirmed in other studies before it is accepted. Other substances in the smoke and soot may also have contributed to the excess.
The subdivision of cases of lung cancer by histological types showed an excess of both undifferentiated/small cell carcinomas and squamous cell carcinomas. The SMR for adenocarcinomas was near 100 but this should not be interpreted as evidence against an increased risk also for adenocarcinomas because of the small number of cases and the wide confidence interval for the SMR. No re-examination of histological specimens was performed but systematic errors in this coding must be considered unlikely. Those random errors that might occur could be expected to influence only the magnitude of the excess risks found.
The analysis of exposure response relations showed a weak correlation between duration of employment and incidence of lung cancer, but for the other tumour forms no such correlation was found. The reason for this lack of correlation might be that duration of exposure is a poor approximation of the actual dose of carcinogens received by each chimney sweep because of the variation in working conditions and the different types of fuels used. In Since the latency from start of exposure to development ofcancer is long, our findings reflect the outcome of working conditions that were present several decades ago, and the relevance for the chimney sweeps' current occupational environment could be questioned. The working conditions for chimney sweeps have been only marginally improved during recent years, however, due to difficulties in finding appropriate technical solutions for eliminating contaminants in the work environment and our findings support the need for intensified work in this field.
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